Objective-To investigate the alteration of cell permeability toward fluoroquinolones in Neisseria gonorrhoeae, which is a major quinolone-resistance mechanism along with the alteration of DNA gyrase in gram-negative bacteria. 
MIC, <0.001-0.063 pg/ml) were sensitive to norfloxacin. The strains that showed resistance to norfloxacin were also resistant to ofloxacin and ciprofloxacin (table 1).
All of the strains were stored at -80C in GDO mediumTm (Nissui) containing gelatin with 10% skim milk, 2% activated charcoal, and 17% glucose until norfloxacin uptake testing was performed.
Uptake of norfloxacin by gonococcal cells
The uptake of norfloxacin by gonococcal cells was measured using a method previously described by Hirai et al.14 15 All N gonorrhoeae It has been reported that alterations in the cell permeability of the bacterial outer membrane and in DNA gyrase are common mechanisms of resistance to quinolones in gram-negative bacteria.'0 Recently, an active efflux system has been reported as the quinolone-resistance mechanism in gramnegative bacteria." Inactivation of quinolones by enzymatic degradation has not been demonstrated as a mechanism of bacterial resistance, and plasmid-mediated resistance to quinolones has not been proved. Research on the mechanisms of quinolone resistance in gonococci is very sparse.'2 13 One study'2 showed that the initial uptake of ciprofloxacin was reduced for a ciprofloxacin-resistant strain. However, in that study'2 only one ciprofloxacin-resistant N gonorrhoeae strain was tested and all of the ciprofloxacin-resistant and ciprofloxacin-sensitive isolates accumulated ciprofloxacin regardless of MIC and at similar rates.
In the present study, we measured the uptake and accumulation of norfloxacin by gonococcal cells to investigate alterations in cell permeability toward fluoroquinolones in N gonorrhoeae, because the strains with reduced sensitivity to norfloxacin also showed low susceptibility to ciprofloxacin and ofloxacin. Our investigation demonstrated that both initial uptake and uptake after 20 minutes was significantly lower in the resistant strains than in the sensitive strains. 
